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1 / 19 6 7  KVICHAK RIVER RED SALMON (Oncorhynchus nerka) SMOLT STUDIES- 

Steven Pennoyer, Research Supervisor 
Donald M .  Stewart, Fishery Biologist 
Alaska Department of Fish and Game 

Division of Commercial Fisheries 
Research Section 

Anchorage, Alaska 

I .  INTRODUCTION 

During the past  thirteen yea r s ,  an  attempt has  been made to  obtain 
an  accurate annual index of relative red salmon smolt abundance on the 
Kvichak River. Ultimate objectives of the project were to: (1) predict adult  
returns from given smolt emigrations from Lake ILiamna and Lake Clark down 
the Kvichak River and to the Bering Sea ,  (2)  determine production of smolts 
from given brood years ,  and (3) monitor annual age  composition and s i z e  
characterist ics oE the migrating smolt. 

While much of the data collected has added new insight to  the life 
history of Kvichak red salmon s tocks ,  the  indices of abundance have not 
been accurate enough to  predict adult  returns from abundance 01 smolts,  
however, smolt age  composition i s  being used a s  one factor to  forecast  adult 
returns. 

In 19 6 5 ,  a project was financed by the Commercial Fisheries Research 
and Development Act (P.L. 88-309) with the main objective of obtaining an 
annual  total estimate of smolt outmigration. Also, the index project was to  
he continued during the early years of this project for comparison with past  
Gata and the new method being employed. 

The objective of this  report i s  to d i scuss  in de ta i l ,  methods, procedures, 
anci results  of the 1 9 6 7  field season  with a discussion of comparative da ta .  

1/ This investigation was financed by the Commercial Fisheries Research - 
and Development Act (P. L .  88-309) for the period commencing July 1 , 
1966, under sub-project 5-5-R-1, Contract No. 14-17-0007-374. 



Personnel of the Alaska Department of Fish and Game's Commercial 
Fisheries Division collected and compiled the majority of the da ta .  Mr. 
Orra E .  Kerns, J r . ,  ~ i s h e r i e s '  Research Insti tute,  contributed red salmon fry 
and fingerling da ta .  Mr. Donald M. Stewart served a s  editor and assembled 
this  material in i t s  present form. 

11. CONTINUATION OF INDEX PROJECT 

A .  Methods and Procedures 

From May 17 t o  June 17 ,  the standard index fyke net was  fished in 
the same manner and location a s  i t  has  been s ince  1955 (Figure 1 ) .  Twenty- 
four hour fishing was  conducted from May 17 t o  June 14 .  Fishing was con- 
ducted on a sampling basis  from June 14-17 due to  small number of smolts. 
Any fishing time los t  during th i s  period i s  attributed to  occasional ice  floes 
and clogging of the net  with a lgae which in both c a s e s  prompted pulling of 
the  net .  

B .  Results and Discussion 

1 . Ice Interference, Climatological and Hydrological Data 

Ice interference from Lake Ilia-mna break-up was minimal in 19 67. 
In a l l ,  only 14 hours of fishing time were missed a s  compared to  187 hours 
in 1966. 

Weather observations were recorded twice dai ly ,  a s  in the pas t ,  a t  a 
s i t e  located one mile below the outlet of Lake Iliamna (Figure 1) . Water 
temperatures for the season ranged from a low of 34O F. to  a high of 4g0 F . ,  
with a mean seasonal  temperature of 44' F.  Past  data has shown that  sub- 
stantial  outmigration of smolt does not commence unless water temperatures 
a r e  above 36' F . ,  however, water temperature does not appear t o  be sufficient 
to  precipitate outmigration. This was  the condition exhibited in 1967, a s  sub- 
stantial  outmigration didn' t  occur until May 25, when the  water temperatures 
averaged 38' F. Possibly of even greater importance in precipitating outmig- 
ration,  the  largest  seasonal  outflow of ice  occurred on the afternoon of May 
25, further substantiating the relationship between ice outflow and the start  
of smolt migration indicated in the 19 66 report ( ~ e n n o y e r ,  1967). ' 

Table 1 ,  Appendix A, shows yearly comparative data s ince 1955 of 
water temperatures a t  the beginning of peak smolt outmigrations. This year 
the water temperature was 40° F. a t  the start  of the peak of outmigration, 
slightly higher than the 3 6' F . thirteen year average.  



FIGURE 1. Kvichak River red salmon smolt study area, 1967. 
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Daily water temperatures, on the average,  were higher in 19 67 
than in 1966. This characterist ic i s  probably responsible for the heavy 
concentrations of a lgae in the Kvichak River this  year ,  leading t o  frequent 
pulling of the fyke net for cleaning. 

A depth s take was placed in the river a t  Igiugig on May 16 .  The 
gauge was s e t  a t  0.40 feet  a t  0900 hours with the water level 7 feet  below 
the fixed bench mark. The seasonal  range of river depth was  0.40 to  1 .75  
feet  with a total seasonal  increase of water depth of 1.35 fee t .  For annual 
comparative purposes,  a n  attempt i s  made t o  fish the fyke net in 3 . 8  feet  of 
water; s ince the fishing s i t e  i s  located on a sloping gravel bar,  i t  was  neces-  
sary t o  relocate the fyke net many times during the season due t o  rising water 
levels . 

It i s  possible that  future climatological and hydrological da t a ,  col- 
lected during a year ' s  time, will be  conducted by personnel of the Water 
Resources Division, U.S. Geological Survey (U.S. G.S . ) ,  Anchorage, Alaska. 
The Kvichak smolt project was visited in la te  June by Mr. Harry Hulsing and 
staff of U .S .  G.S. to  survey and evaluate the  merits of installing a permanent 
gauging station a t  Igiugig. Such a s ta t ion,  with records made available t o  the  
Alaska Department of Fish and Game and other agencies  connected with the 
research and management of the Bristol Bay red salmon fishery,  would be a 
valuable a s s e t .  

General climatological and hydrological data collected during the 1967 
season i s  given in Table 1 .  

2 .  Index Net Catch and Photocounter Calibration 

a .  Index Catch 

The expanded 24-hour index net catch for 19 67 was the third largest  
on record (3,088,742) since 19 55,  (Table 2 ,  Appendix A) . Fishing on a 
sampling bas i s  started May 17 going to  24-hour fishing with the a ide of 
photo-electric equipment from May 18 until June 17. Substantial numbers 
of smolts did not s tar t  migrating until 2200 hours, May 26, a s  can  be seen  
in Table 2 showing index catches  by period. The duration of the peak periods 
of smolt outmigration were from May 26 to  June 6; or 12 days with 80 percent 
of the index catch occurring during this  time. Figure 2 shows. four days of 
heavy outmigration. The largest  index ca tch  for a 24-hour period occurred 
on June 6,  with 596,428 smolts passing through the fyke net .  May 26 had 
the period of highest passage rate of smolts through the fyke net; i .  e .  , 
391,296 in 2 hours (2200-2400). Yearly comparative data s ince 1955 can be 
found in Table 3 ,  Appendix A .  



TABLE 1. Climatological and stream observations.  

Sta t ion:  Igiugig Month: May & June Year: 1967 
Wind Water Tem~.  Water 

0 Sky Precip-24 H r .  D i r  . - V e l .  I?. Gauge 0900 - 
Date 0900 2000 0900 2000 A m t .  0900 2000 0900 2000 2000 Turbidity Remarks 

.40 
0.00 0.00 NE8 NE2 39O 39O .42 A Light Ice-A.M. 
0.00 0.00 NE7 NE5 40' 39O .48 A 
0.00 0.00 E l l  E4 40' 4 lo .46 A 
0.00 0.00 E7 N7 41° 40' .48 A Light Ice-A .M. 
0.00 0.00 E5 W12 41° 42O .62 A Light Ice-A . M .  
0.00 0.00 W17 W6 41° 43O .56 A 
0.00 0.00 N5 W7 41° - -62 A 
0.00 0.00 E l l  NE8 43O 42 O .76 A 
0.00 0.00 El5 NE15 42' 34O 1.00 A Heavy Ice-P .M. 
0.00 0.00 0 0 - 40 O .68 - Moderate Ice 
0.00 0.00 0 W8 42 O 43O .70 A Light Ice-A . M .  

W 1 1  0 42 O A 
0.00 0.00 E8 N5 - 42 O .90 A 
0.09 0.09 E6 N E l O  43O 43O .90 B Algae i n  water - 0.01 NE12 0 44O B Algae i n  water 
0.00 0.00 SW30 W4 45 O 44O .90 B 
0.00 0.00 W13 N5 45 O 46 O 1 .OO A 
- 0.14 El5 0 46 O B 

0.65 0.85 0 W20 44O 1.10 B 
0.00 0.15 W25 W15 43 O 44O 1.08 A 
0.01 0.01 N10 E7 44O 45 O 1.10 B 
0.02 0.16 E8 E 10 44O 45 O 1.31 A 
0.03 0.38 N7 E8 45 O 45O 1.38 B 
0.02 0.03 El7 3 46 O 46 O 1.31 B 
0.15 0.24 NNE3 W7 46 O 46 O 1.37 B Light r a i n  
0.00 0.00 NE7 E6 :$ 48 O 

1.44 A 
0.25 0.25 ESE2O E6 48 O 1.50 B 
0.20 0.38 SW2 0 47 O 46 O 1.49 A 
0.00 0.00 0 S4 47 47 O 1.52 A 
0.00 0.00 0 SW9 47 48 O 1.59 A 
0.00 0.00 El5 E7 48 O 49 O 1.75 A 
1.40 2.70 E l l  El5 49' 48' 1.75 B 
0.00 3.50 0 0 48 O 47 1.75 A 
0.00 0.00 E6 NE5 48' 47 1.70 A 
0.00 0.00 0 E7 49O 48' 1.75 A 

(Continued) 



TABLE 1 - (Con't).  Climatological and stream observations. 

Codings: Sky 

0. No observations made 

1.  Clear sky, cloud covering not more than 1/10 

2 .  Cloud Covering not more than 1/2 sky 

3 .  Cloud covering more than 1/2 sky 

4 .  Complete overcast 

Turbidity 

Secchi d i s t ,  reading i n  inches or: 

A .  Clear 

B . Part ly cloudy 

C. Cloudy 

D .  Debris 

5 .  Fog or thick haze 



TABLE 2. Kvichak R i v e r  r e d  sa lmon s m o l t  expanded twenty- four  h o u r  i n d e x  c a t c h  by p e r i o d ,  1967.  

DATE 

5/17-18 
18-19 
19-20 
20-21 
21-22 
22-23 
23-24 
24-25 
25-26 
26-27 
27-28 
28-29 
29-30 

I 30-31 
31-611 

I 1- 2 
2- 3  
3- 4 
4- 5  
5- 6  
6- 7  
7- 8  
8- 9  
9-10 

10-11 
11-12 
12-13 
13-14 
14-15 
15-16 
16-17 
TOTAL 

Index  Hour 
T o t a l  

D a i l y  
0100-1200 T o t a l  

- 100  
234 438 

5  5  6  2  
1 2  1 9  

5  3  7 
26 9  6  
34 6  0  

397 442 
059 24,130 

6 ,752  444,808 
364,026 464 ,381  

4 ,777  48 ,920  
28 ,272 99 ,965  

1 1 9  114 ,405  
6 ,322  35 ,549 

340,823 494,953 
33 ,330  98 ,356 

0  1 , 8 0 0  
9  4  360 

6 1 , 6 0 1  67 ,265 
294,029 596,428 

56 ,500  79 ,037 
5 , 9 8 8  198 ,346  
6 ,957  13 ,089  

131 ,889  200,805 
2 7 , 8 2 1  68 ,032 
11 ,516  23,088 
- 4 , 9 3 1  
- 4,334 
- 1 , 6 2 8  

Accumula t ive  
T o t a l  



?.lay June 

F?!:"'. n n i l y  f yke  n e t  catches of  red salmon smolt,  Kvicbk Rfver, 1967 .  
- 8 -  



The total 3-hour index catch for 1967 amounted to  929,731 smolt 
or an  index value of 2 7.9 (one index point being equal to 33,340 smolt) . 
Total 3-hour index values for the years 1955 to  present are presented in 
Table 4 ,  Appendix A .  

The 24-hour index catches from May 28 through June 11 were derived 
entirely by taking Veeder Root Counter ta l l ies  and using the daily average 
conversion of f ish per count to  arrive a t  the expanded index net ca tches .  

A complete description of photo-electric equipment and i ts  operation 
can be found in Alaska Department of Fish and Game Informational Leaflet 
No. 58. 

b .  Photo-Electric Counter Calibrations 

Daily average conversion ratios ranged from 8.15 to  19.14 fish per 
count for the 1967 season ,  with a seasonal average of 13.10 (Table 3 ) .  This 
seasonal average (13.10) i s  the highest since 1963 (7.21 smolt/count) almost 
twice a s  large. In addition, it is  the largest  seasonal ratio recorded s ince 
1962. 

Kerns and Marriott (1 9 63) point out that  from examination of simul- 
taneous counter ta l l ies  and catches during the 19 62 season ,  it was apparent 
that counter efficiency changed during this time. He further points out that 
different average ratios from three general strata occurred. Causes  for the 
first two strata are not known, however, the altered ratio in the l a s t  strata 
was  associated with defective rheostats which prevented proper adjustment 
of light source,  hence one factor for the variance in smolt per count ra t ios .  

Calibration data from previous years has  indicated that water turbidity, 
light intensity,  battery charge and smolt passage rate a l l  may affect the effi- 
ciency of the photo-electric counters.  In addition, when passage rates a re  
high sampling errors may be increased. An example of the latter occurrences 
would be smolt "spil l  over" from the tunnel into the cod end after counters have 
been stopped and counts recorded. This occasionally happens when pulling the 
tunnel from the water to  empty heavy cod end ca tches .  Of the factors Listed 
above a s  possibly affecting counter efficiency, extensive quantitative data i s  
available for only smolt passage ra te .  Thus, one is  confronted with the prob- 
lem of determining conversion (photo-electric counts to smolts) factors t o  
convert index net  photo-electric counts to  numbers of smolts . 

Realizing that  factors ,  such a s  water turbidity, could affect counter 
efficiency and that such factors would generally be l e s s  variable during a 
single day than during the entire s eason ,  calibrations were made daily (with 



TABLE 3 .  Kvichak River  smolt  photo-counter c a l i b r a t i o n  d a t a ,  1967. 

- 

Fi sh ing  F i s h  Per  T o t a l  Counts P e r  F i sh  P e r  F i sh  Per Dai ly  ~ o t a l ;  
Date Hour Time Weight Pound F i s h  Counts Minute Minute Count Fish/Count 



TABLE 3 - (Con't). Kvichak River smolt photo-counter calibration data,1967. 

Fishing Fish Per Total Counts Per Fish Per Fish Per Daily Totals 
Date Hour Time Weight Pound Fish Counts Minute Minute Count FishICount 

Seasonal Avg. 13.10 



the exception of June 3-5 when smolt migration was light) during the period 
when approximately eighty percent of the outmigration occurred. The objec- 
t ive  was to  obtain daily conversion factors which, if necessary,  could be 
used to  convert the corresponding daily photo-electric counts to numbers of 
smolts . Th.i cs l i b r a t i ~ n  data i s  presented in Table 3 .  Daily calibrations 
were generally completed during a two-hour period; "daily" calibrations then,  
in fac t ,  refer to  calibrations conducted during approximately a two-hour period 
in a given day. 

The data in Table 3 indicates that within calibration period variation 
was small relative to between period variation although some of the calibra- 
tion periods experienced relatively large fluctuations in smolt passage rate 
(e. g .  a s  on June 1-2).  Chi-square t e s t s  on counter efficiency observations 
within a single calibration period indicated no extreme within period variations. 
However, when the calibration data i s  grouped a s  shown in Figure 3 a signifi- 
cant (although weak) linear trend i s  indicated (r = 0.49,  d . f .  = 41) between 
counter efficiency and passage rate.  (Theoretical considerations and field data 
-- in particular the 1964 field data when passage rates were observed in the 
range of 2,000 to  6,000 f i sh  per minute-- indicate that counter efficiency is 
a non-linear function of passage ra te .  However, for the Lower levels of pas- 
s age  rate a linear relationship serves a s  a good approximation .) It appears 
that  combined factors,  other than smolt passage ra te ,  contributed very signi- 
ficantly toward determining counter efficiency. Furthermore , the factors , 
excluding pas sage  ra te ,  were relatively constant within ca  libration periods 
but fluctuated significantly between calibration periods. 

The extreme scat ter  of points about the fitted regression l ine in Figure 
3 and the relatively small variations in counter efficiency estimates within 
calibration periods would seem to  preclude the exclusive use of passage rate 
for estimating counter efficiency and would suggest the use of daily average 
conversion factors . 

Intuitively the authors feel that the photo- electric counts should be 
expanded on the bas i s  of passage rate.  A s  the passage rate increases ,  mul- 
tiple f ish may break the light beam simultaneously, resulting in higher f ish 
per count ratios.  Furthermore, a s  larger schools of f ish approach the counter 
the probability of a single fish in the school breaking the light beam must be 
reduced, thus reducing the counter efficiency. However, until a 11 various 
affecting counter efficiency a re  defined and measured , estimation of counter 
efficiency solely on the bas i s  of passage rate would not seem advisable .  

Therefore, since the within calibration period estimates of counter 
efficiency are  more consistent than a l l  est imates adjusted for passage rate 
and until further analysis  of counter efficiency can be conducted, the  daily 
average fish per count ratios will be used to  expand the daily counts a s  has  
been done in the pa s t .  



Smolt per minute (hundreds) 

FIGURE 3 .  Relation between red salmon smolt per minute and red salmon 
smolt per photo-electric  count, Kvichak River, 1967. 



To investigate the high smolt per count ratios observed in 1967, 
several approaches were taken. First the photo-electric system was tes ted 
in the field by hooking up the system and placing the photo-tunnel in the 
water. The objective was to  determine how long a battery with a known 
rating (Hydrometer reading) a t  the beginning of the t e s t  would l a s t ,  i . e . ,  
a t  what rating and time interval would the count paks fail to  register counts 
when the light beam in the counting aperature was interrupted? 

The tes t  started a t  1030 hours August 29 and lasted until 2300 hours, 
or 13-1/2 hours. The average hydrometer reading of the s ix  ce l l s  in the  
twelve volt battery a t  the start  of the experiment was 1185. The t e s t  was 
repeated five times during the 13-1/2 hour interval with decreasing battery 
rating a s  indicated by successive hydrometer readings. On the fourth tes t  
hydrometer readings were 0 ,0 ,1100,1110,  and 1110 for the s ix  cells respect-  
ively. Also, the fourth t e s t  showed the counters t o  be registering counts with 
every interruption of the light beam. The fifth t e s t  had al l  ce l l s  reading zero. 
Therefore, sometime between the fourth t e s t  (2100 hours) the counters ceased 
to  function. 

In essence  there was a period of 10-1 /2  hours that  the counters did 
register counts on both count paks with a n  average of 32 interruptions for four 
t e s t s  or an  average total of 128 interruptions. 

Considering that the above t e s t  was not repeated, that  high passage 
ra tes  such a s  experienced in the past  with smolt migration (7,000 + per minute) 
could not be simulated and a l so  that batteries a t  some plateau of rating become 
l e s s  efficient in power output, the above t e s t  might or might not be indicative 
of counter performance under field conditions. 

With these factors in mind information was compiled from daily fishing 
logs and the following information was noted concerning batteries and changes 
of batteries made during the 1967 field season.  First of a l l  i t  was noted that  
batteries were not always checked with the hydrometer after periods of charging, 
therefore, ratings cannot be a s se s sed  a t  a l l  times for batteries in service.  
However, for the most part batteries were checked after each  charging and 
averaged ratings of 11 85. Second, for a l l  but two days ,  frequency of battery 
changes occurred every eight hours, and more commonly every four hours, in 
almost every instance a newly charged battery was  put on the  photo-electric 
system before the index hours and periods of calibration. On the two days the 
above did not occur,  the batteries were changed every twelve hours. 

It appears ,  therefore, that the condition of the  batteries during the 
smolting season was  similar to  the condition during the testing period in August. 

Considering a l l  of the above and knowing in addition that batteries did 



not take a charge a s  they should a t  the end of the s eason ,  we can only 
surmise that the reason for the high smolt per count ratios in 1967 could 
have been the use of weak batteries,  i . e . ,  batteries with ratings of 1185 
do not produce the power that one a t  1250 would, thus the occurrence of 
higher smolt per count ratios.  

It has been stated in the past  that to assure  peak counter efficiency 
the counters should be tested periodically with a rod breaking the light beam 
such a s  was done in the August experiment. However, after  reviewing the 
August t e s t  and reflecting on such things a s  drop in efficiency of battery 
output, i t  is  our belief that the above t e s t  te l ls  only when the counters a re  
functioning or when the battery is  completely dead. 

After analysis  of the above da t a ,  we have concluded that  the count 
paks in use must be rated a s  t o  the minimum amount of power needed to  oper- 
a t e  efficiently and that once this  level i s  known that a meter be incorporated 
into the photo-counter system that will indicate to  personnel precisely when 
the battery rating has dropped to  a point where peak efficiency cannot be 
expected from the counters. 

3 .  Length and Weight of Smolts by Age Group 

Table 4 and Figure 4 show the weighted length frequencies of smolts 
assigned to  the index net catch by age  c l a s s .  Length frequencies were taken 
from 26 one-pound random samples during the index hours throughout the sea-  
son. Age c l a s s  composition was  determined by relating 405 individual smolt 
sca les  to lengths t o  arrive a t  the  dividing point between the two age c l a s s e s .  
Age I smolts (fish having spent one winter in freshwater) comprised 9 2.8 per- 
cent of the index catch and averaged 86 .4  mm in length. Age I1 smolts (fish 
having spent two winters in freshwater) comprised 7.2  percent and averaged 
11 8 .3  mm in length. 

To arrive a t  average weights for the two age  c l a s se s  smolt were ran- 
domly sampled during the peak period of the migration and linear analysis  
applied.  Age I smolts averaged 5 .9  grams and ~ g e  I1 averaged 14.2 grams 
(Table 4) . 

111. DISCUSSION AND COMPARISON WITH PAST DATA 

The discussion and comparisons with past  data in this section are 
based on 24-hour indices and should not be related or compared t o  3-hour 
index data (Pennoyer , 19 65) . 



TABLE 4. Weighted length  frequencies  of red salmon smolt, Kvichak River ,  
index s i t e ,  1967. 

Length Length 
(MM) Frequency (MM) Frequency 

6 6 2 9 105 14,156 
6 9 11 107 4,655 
7 i 2 9 108 17,439 
7 2 7,721 109 16,544 
73 11,958 110 2,111 
7 4 22,937 111 10,484 
7 5 17,264 112 11,401 
7 6 21,691 113 25,441 
7 7 50,570 114 6,422 
7 8 85,597 115 30,227 
7 9 149,658 116 9,576 
8 0 213,542 117 29,116 
8 1 236,706 118 5,049 
8 2 239,069 119 10,094 
83 231,787 120 520 
84 267,419 121 7,672 
85 230,701 122 689 
8 6 213,107 123 1,041 
8 7 147,394 124 7,041 
88 104,408 126 1,070 
8 9 166,186 127 5,135 
9 0 93,160 128 480 
91 74,926 129 480 
9 2 45,761 131 1,041 
93 40,852 13 2 4,644 
94 56,939 
9 5 49,397 
9 6 16,247 
9 7 10,957 
98 15,997 
9 9 10,356 
100 17,908 
101 6,631 
102 4,644 
103 4,644 
104 11 

Age I - 2,866,214 

Percent  - 92.8 

Average Length - 86.4 

Age I1 - 22,528 

Percent  - 7.2 

Average Length - 118.3 

Average Weight - 14.2 Average Weight - 5.9 





The 1967 smolt outmigration was the progeny of the 1964 escapement 
(957,000) and the 1965 escapement (24,326,000) ,  the la t ter  being the largest  
on record for the Kvichak River system. Numbers of Age I smolts were much 
higher than the 13 year average.  This year ' s  age group represents the second 
largest Age I index catch on record (2,866,214) (Table 2 ,  Appendix A ) .  

Considering the past  production of Kvichak smolts from known brood 
years we find the 13 year average to  be 47 and 53 percent for Age I and Age 
I1 groups, respectively. However, Pennoyer and Seibel (1 9 65) s ta tes  that 
"although no apparent relationship ex is t s  between the parent escapement s i ze s  
and the percent of Age I1 smolts produced when a l l  of the past  data is considered, 
the peak years ,  viz . , 19 5 2 ,  19 5 6 and 19 60, reflect a definite increase in percent 
of Age I1 smolts produced with increases in escapement s i z e " .  

Assuming that with increased escapement s i ze  we do realize higher per- 
centages of Age I1 smolts we would expect a t  least  a s  high a proportion of Age 
I1 smolts from the 1965 brood year a s  the one experienced from the 1960 brood 
year (78 percent) (Table 4 ,  Appendix A) . On this basis  the index ca tch  in 19 68 
should be in the vicinity of 10,000,000 Age I1 smolts. This would constitute a 
total index ca tch ,  (Age I and Age 11) from the 19 65 brood year ,  more than two 
times the magnitude of any catch from any  other brood year.  

With this discussion of what might occur in 19 68, it is worth our time 
to  examine the Fisheries Research Insti tute 's  red salmon fry and fingerling data 
collected in Lake Iliamna s ince 19 62 (Table 5) . The table shows that  the  finger- 
ling index of abundance in 1967 was the second largest index s ince 19 62 (80.9).  
Indices a re  based on average catches  of fry and fingerling in a predetermined 
number of tows each year. The 1967 fingerling a l s o  exhibit weighted mean 
lengths and weights well below the six-year averages of 98.4 mm and 9 .4  gr. , 
respectively. This phenomena of intra specific competition in the nursery area 
i s  expected a s  related t o  progeny of the 195 6-60 peak year escapements.  Fur- 
ther,  the lower weighted mean lengths and weights of the  1967 fingerling might 
suggest  that these fish a r e  more vulnerable t o  high mortality during the winter 
months a s  opposed to more robust fingerlings. Looking a t  the  highest abundance 
of fingerlings per standard tow during this  s ix  year period we find that 1962, 
with an  index of 93.3 produced an Age I1 smolt outmigration of 4 ,229,431 and 
these  fingerling were more robust than the 19 67 fingerlings. This particular 
migration i s  the largest  on record for the Kvichak River, however, i t  i s  s t i l l  
l ess  than half of the expected Age I1 outmigration for 19 68, if Dur assumptions 
are  correct. At any ra te ,  after  examination of past  da t a ,  we  feel  that the 1968 
Age I1 index catch will  be  the largest  migration thus far. Appendix A contains 
annual comparative data of Kvichak s m o l t y  

- - 

1/ Ed. Note: The 1968 Age I1 index catch was 5 ,475,000 smolt. This was a - 
considerably lower number than anticipated although the combined Age I and 
Age I1 index catch from the 19 65 brood year i s  s t i l l  the  largest  on record. 



1 / TABLE 5.- Mean weighted c a t c h e s ,  l e n g t h s  and w e i a h t s  of sockeye f r y ,  
f i n g e r l i n g  and t h r e e s p i n e  stickleback, I l i amna  Lake, Alaska ,  1962-1967. 

I l i amna  Lake 
Sockeye Threesp ine  

Year Fry F i n g e r l i n g  S t i c k l e b a c k  

Mean weighted c a t c h e s  of sockeye f r y  and f i n g e r l i n g  and 
t h r e e s p i n e  s t i c k l e b a c k  per  s t a n d a r d  tow, 1962-1967 

Weighted mean l e n g t h s  (mm) of j u v e n i l e  salmon, age  I t h r e e s p i n e  
s t i c k l e b a c k  ( a d j u s t e d  t o  September 1) 

Weighted mean weigh t s  ( g r )  of j u v e n i l e  salmon and a g e  I 
t h r e e s p i n e  s t i c k l e b a c k  ( a d j u s t e d  t o  September 1 )  

1/ This  t a b l e  i s  through t h e  c o u r t e s y  of M r .  Orra  Kerns,  J r . ,  Research - 
B i o l o g i s t  w i t h  F i s h e r i e s  Research I n s t i t u t e .  



IV. TOTAL SMOLT OUTMIGRATION ESTIMATE 

Initially two approaches to  obtaining an estimate of the  total out- 
migration were planned. One was labeled the volumetric method and was 
based on estimates of smolt passage rate expressed in catch per volume of 
water versus total flow. The capture gear designed and used for the above 
method was not effective due to  smolt avoidance. Thus, the first method 
was abandoned. 

The second method was a mark-recovery method utilizing compressed 
a i r  and a fluorescent pigment to  mark smolt. The pigment used for marking 
was in granular form which i s  a solid solution of fluorescent dyes in a melamine- 
sulfonamide-formaldehyde resin.  It i s  insoluble in water and formaldehyde. 

The pigment i s  applied to  young salmonids with the aid of a sandblast 
gun and delivered a t  1 0 0  psi  pressure. The pigment penetrates the  epidermal 
and dermal layers of t i s sue  and lodges next t o  the s ca l e .  Studies to  date  have 
shown no Large mortalities directly attributable t o  marking in this manner. 
When salmonids are  marked properly, excess  dye will slough off, leaving no 
visible marks. In order to detect  marked f ish a t  the time of recapture, they 
were examined under a 1 0 0 wat t ,  long-wave , ultra -violet l ight.  

Capture of smolts for marking in 1967 was conducted a t  the index s i t e  
by funneling smolt through a standard 4 '  x 4 ' fyke net and into a floating l ive 
box by means of a s ix  inch flexible tube attached to the cod end and leading to  
the l ive box. 

The recapture s i te  was located a t  Big Rock, approximately 25 miles 
downstream from the index s i t e .  The recovery gear was a tow net with a nine 
foot square opening and no wings.  

Detailed experiments have been carried out concerning short and long 
range mortality attributed to  the marking technique. In addition, predator 
selectivity and other studies directly related to the  mass marking technique 
are  being worked on. However, a t  this writing results  of the marking study 
will not be presented. The 1968 Kvichak smolt informational leaflet  will pre- 
sent a comprehensive report of methods , procedures and results  of the marking 
technique. 
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1967 WOOD RIVER RED SALMON SMOLT STUDIES 

Michael L .  Nelson, Fishery Biologist 
Alaska Department of Fish and Game 

Division of Commercial Fisheries 
Dillingham, Alaska 

I .  INTRODUCTION 

The Wood River smolt program was initiated in 1951 and was designed 
to  measure relative abundance of smolt migrating seaward from the Wood River 
system by establishing a numerical index which i s  comparable from year to  
year.  

In 19 67 smolt sampling coincided with a marking program conducted by 
the U.S. Bureau of Commercial Fisheries.  Consequently the method of total 
enumeration and collection of other data was not conducted a s  in the pas t .  It 
i s  felt that the data obtained and conclusions reached a re  within reason and 
merit a report to  continue the unbroken ser ies  of da ta .  

Fishing was  conducted between June 16 and June 27. Catches made 
between 2100 and 2300 hours resulted in the index ca tch .  Considerable smolt 
had migrated before a s  well a s  after the program commenced and interpolations 
were necessary to represent these two periods. 

11. RESULTS 

Total catch of red salmon smolt during the index hours was 136,783 
(Table 1). Since only a portion of the season was actually f ished,  a l l  16 pre- 
vious years '  data was averaged to  give a n  estimate of the number of smolt 
migrating before and after the sampling period. The expanded season index 
catch was 412,867 (Table 1 ,  Appendix B ) .  Using 1952 a s  the  base year with 
assigned value of 100.00 index points,  the 1967 season ' s  catch was equiva- 
lent to  242.8 index points (Table 1 ) .  The 196 7 season expanded index catch 
may be high, but there i s  no way to  derive a reliable estimate for the period 
of the season that  was not f ished. 

Size composition was determined from length measurements of 1 ,743  
smolt contained in 17 one-pound samples.  Age determinations were based on 
readings of 188 sca les  contained in 10 daily s ca l e  samples (Table 2 ) .  



Table 1. Wood River red salmon smolt ca tch  by 
hour and day, 1967 

Index Hour Catch To ta l  Index Catch Index ~ o i n  t s i /  
Date 2100-2200 2200-2r00 Daily Cumulative Daily Cumulative 

June 16 1,053 9,306 10,359 10,359 6.09 6.09 
17 0 0 0 10,359 0.00 6.09 
18 7,225 13,041 20,266 30,625 11.32 18.01 
19 2 1,402 35,845 57,247 87,872 33.67 51.68 
20 0 1,767 1,767 89,639 1.04 52.72 

To ta l s  44,757 92,026 136,783 136,783 80.44 80.44 

Percent  32.72 67.28 100.00 

11 One index p o i n t  = 1,700.34 smolt 



The percentage and mean length and weight of each age  group were 
calculated for each period and then for the entire season by weighting the 
daily samples by the daily catches  they represented to adjust  for changes 
during the season in the magnitude of the catches  (Table 3 ) .  

Age I smolt (fish that have spent one winter in freshwater) comprised 
6 0 . 4  percent of the total run and averaged 7 7 . 7  mm in length and 5 . 5  grams 
in weight; Age I1 smolt (fish that have spent two winters in freshwater) com- 
prised 3 9 . 6  percent of the run and averaged 89 .9  mm in length and 6 . 2  grams 
in weight (Table 3 ,  and Appendix B ,  Table 2 ) .  



TABLE 2.  Wood River  r e d  salmon smolt  sampling d a t a ,  1967. 

Percen t  o f  No. o f  1il No. o f  No. o f  
P e r i o d  Smo 1 t Season ' s  Samples F i s h  S c a l e s  

No. Date Catch T o t a l  Measured Measured Read 

1 June  16-20 89,639 65 .53  7 6 15 8 0 

2 J u n e  21-24 24,867 18.18 4 422 60 

3 June  25-27 22,277 16.29 6 7 06 48 

T o t a l s  136,783 100.00 17 1 ,743  188 

TABLE 3. Age, weight  and l e n g t h  of  r e d  salmon smolt  by p e r i o d  from the Wood River  
sys tem,  1967. 

Line  Mean Length Mean Weight Percen tage  
P e r i o d  Dividing o f  Age G&up o f  Age G;ouP of  Age ~ r o u ~  

No. Date Age I & I1 I I I I I1 I I I 

1 J u n e  16-20 83 .5  78 .6  90.0 5 . 6  6 .4  47.7 52.3 

2 J u n e  21-24 8 4 . 5  76 .5  88 .6  5.2 5 .9  77 .3  22.7 

3 June  25-27 85.5  75.5 90.9 5 . 3  5 .7  92.4 7 . 6  

Season ' s  Weighted T o t a l s  77.7 89.9 5 . 5  6 .2  60.4 39.6 



1967 UGASHIK RIVER RED SALMON SMOLT STUDIES 

Michael L.  Nelson, Fishery Biologist 
Alaska Department of Fish and Game 

Division of Commercial Fisheries 
Dillingham , Alaska 

INTRODUCTION 

The Ugashik River red salmon smolt program, which was initiated in 
1955, was designed to  provide an  annual estimate of relative abundance of 
smolt migrating to  s e a .  In 1958 a random sampling scheme was added to  
obtain an  estimate of the total smolt outmigration from the Ugashik Lakes 
system. The program has been carried on annually by the  Alaska Department 
of Fish and Game with exception of 1966. 

For the Ugashik smolt study program design, fyke netting procedure, 
and methods for collection of field da t a ,  the reader i s  referred to  Nelson, 
1965-1/: 

Modification of the  sampling scheme was employed in 19 67 a s  well a s  
termination of condition index sampling, otherwise, the program was similar 
t o  that in 19 64 and 19 65. 

Fyke net operations began on May 15 and terminated on June 12.  Random 
and index fishing schemes were conducted two out of every three nights,  while 
24-hour index sampling was conducted one out of every three nights to deter- 
mine the diurnal and nocturnal fluctuations of the migration pattern throughout 
the season .  Catches made from 2200 to  0100 hours each evening were totaled 
to  yield the seasonal index catch.  Catches  made from 2100 to  0200 hours each 
evening were totaled to  give the random sampling ca tch .  

1/ Nelson, M .  L .  19 65. Abundance, S ize ,  Age and Survival of Red Salmon - 
Smolts from the Ugashik Lakes System, Bristol Bay, 1964. Alaska Depart- 
ment of Fish and Game, Informational Leaflet No. 62, 3 4  pgs.  



11. RESULTS 

The total index ca tch  of red salmon smolt during the index hours for 
the entire season was 64,185 (Table 1). Since only 20 of 29 nights were 
actually fished, the  actual  index net catch was  expanded by the factor 1.45 
to  compensate for the 9 nights that  the  index did not f ish.  The expanded 
season index catch was  93,068, which is comparable t o  30.9 index points 
(Table 1 ,  Appendix C) . 

Twenty-four samples showed that  67.9 percent of the srnolt were 
caught between the random sampling hours of 2100 and 0200 hours (Table 2).  
The random sampiing smolt ca tch  for the  entire season  was  68,72 1 , with net 
s i t e s  3 and 4 catching the majority of the  smolt (Table 3 ) .  

Applying the method of determining the estimate of total outmigration, 
the 1967 total outmigration was  calculated to  b e  5,137,063 (Table 1 , Appendix 
C) 

Size composition was determined from length measurements of 9 66 
smolts contained in 18  one-pound samples,  while a g e  determination was  
based on readings of 360 sca l e s  contained in 18 daily s ca l e  samples (Table 
4).  

The percentage and mean length and weight of each  age  group were 
calculated for each  period and then for the entire season  by weighting the 
daily samples by the dai ly  ca tches  they represented to  adjust  for changes 
during the season  in the magnitude of the ca tches  (Table 5) .  

Age I smolt (fish that  have spent one winter in freshwater) comprised 
52.5 percent of the total run and averaged 87.5 mm in length and 6 . 0  grams 
in weight; Age I1 smolt (fish that  have spent two winters in freshwater) com- 
prised 47.5 percent of the  run and averaged 11 3.1 mm in length and 1 2 . 2  
grams in weight (Table 5).  

Annual comparative data collected s ince the inception of the  Ugashik 
smolt study may be found in Tables 1 to 3 ,  Appendix C. 



Table 1. Ugaehik River red salmon smolt catch i n  
index n e t  by hour and day, 1967 

Index Hours Tota l  Index Catch Index p o i n t d l  
Date 2200-2300 2300-2400 2400-0100 Daily Cumulative Daily Cumulative 

May 15 12 9 0 2 1 2 1 0.01 0.01 
16 2 6 16 20 62 8 3 0.02 0.03 
18 358 63 54 475 558 0.16 0.19 
19 49 1 3 10 172 973 1,531 0.32 0.51 
2 1 2 1 16 43 80 1,611 0.03 0.54 

30 5,440 2,772 1,340 9,552 
3 1 98 245 98 441 

June 2 1,457 352 616 2,425 
3 (1,112)2' (872);' 354 2,338 
5 7 67 1,392 1,054 3,213 

Tota l  32,638 18,246 13,301 64,185 

Percent 50.9 28.4 20.7 

I/ One index po in t  = 3,012.32 smolt 

2/ In te rpo la t ed  es t imates .  



Table 2 .  Ugashik River red salmon smolt catch i n  index 
net over 24-hour period, 1967 

Date 
May May W Y  WY May May31- June dune June June 

Time Period 16-17 19-20 22-23 25-26 28-29 June 1 3-4 6-7 9-10 12-13 Total Percent 



Table 3. Ugashik River red salmon smolt ca tches  i n  
the random sampling scheme by f i s h i n g  s i t e ,  1967. 

Random Sampling Si tes  
Date 1 2 3 4 5 Tota l  Catch 

May 15 5 2 0 0 2 9 
16 57 1 5 2 6 10 9 9 
18 3 200 38 1 0 2 42 
19 66 14 728 7 4 236 1,118 
2 1 34 6 429 16 0 48 5 
22 64 17 0 3,101 1,314 220 4,869 
24 13 9 384 16,232 2,308 18,946 
25 2 5 5 5,018 19 4 5,224 
2 7 1,652 134 2,789 148 13 4,736 
2 8 1,661 2,635 22 4,275 9 0 8,683 
30 275 3 1 2,491 5,791 9 14 9,502 
3 1 18 7 858 2,430 9 8 9 1  3,664 

June 2 3 27 2 40 352 7 3 69 5 
3 13 27 99 311 112 5 62 
5 3 39 0 2,009 616 27 3,045 
6 7 7 0 5 60 680 132 1,449 
8 992 304 553 469 (429)L1 2,747 
9 0 413 37 7 280 8 1,078 

11 2 21 71 227 90 411 
12 8 1  45 9 32 7 2 2 7 1,157 

TOTALS 5,120 5,362 17,263 36,000 4,976 68,721 

Percent 7.5 7.8 25.1 52.4 7.2 100. 0 

11 In t e rpo la t ed  f igu res .  



Table 4. Ugashik River red salmon smolt sampling da t a ,  1967 

Index Percent of No. of 1 lb .  No. of No. of 
Period Smolt Season's Samples F ish  Sca les  

No. Date Catch Tota l  Measured Measured Read 

1 May 15-21 1,611 2.51 3 12 1 60 

2 May 22-28 37,287 58.09 5 2 60 100 

3 May 30- 
June 5 17,969 28.00 5 234 100 

4 J u n e 6 - 1 2  7.318 11.40 5 35 1 100 

Tota 1s 64,185 100.00 18 9 66 360 



Table 5.  Age, l eng th  and weight of r e d  salmon smol t  
by sampling p e r i o d  from t h e  Ugashik River  system, 1967 

Mean Length i n  mm Mean Weight i n  R r .  Percentage 
Per iod of Age Group of Age Group - of Age ~ r i u p  

No. Date I I I I I1 I I I 

1 May 18-21 81 .8  113.4 - - 12 .1  14.0 86.0 

2 May 22-28 85.9 112.6 5 .6  11.9 50 .4  49.6 

3 May 30-June 5 91 .1  115.2 6.8 12.9 46.0 56.0 

44 June 6-12 58.2 110.5 6 .0  - - 9 2 . 6  7 . 4  -- 
~ e a s o n ' s  Weighted 

T o t a l s  87.5 113.1  6.0 12.2 52.5 47.5 

Note: Age group I and I1 denotes  number w i n t e r s  i n  f reshwate r ,  Season 
t o t a l  weighted by index  c a t c h .  



NAKNEK RIVER RED SALMON SMOLT STUDY, 1967 

Glen R .  Van Valin, Fishery Biologist 
Alaska Department of Fish and Game 

Division of Commercial Fisheries 
King Salmon, Alaska 

I .  INTRODUCTION 

A program designed to  enumerate the red salmon (Oncorhynchus nerka) 
smolt outmigration of the Na knek River was  developed by the U. S .Fish and 
Wildlife Service during the years 195 6 through 19 65. The program was under 
the direction of Herbert W.  Jaenicke, Fishery Research Biologist. In 1966 the 
project was  transferred to  the Alaska Department of Fish and Game and con- 
ducted by the Division of Commercial Fisheries.  The original program design 
and methods have remained unchanged. 

Angus D. Robertson, Fishery Biologist, Alaska Department of Fish and 
Game, supervised the program in 1966 under the  direction of Herbert W. Jaenicke. 
In 19 67 the project was initially supervised by Angus D. Robertson. The author 
a s s i s t ed  from June 1 until project termination. The project crew leader ,  Robert 
Nehus , was ass i s ted  by Fish and Game Aides, Michael F. McCurdy and Roger 
Ba ird . 

11. 1967 RESULTS 

A .  Methods and Procedures 

In 1967 the program commenced on May 27 and terminated July 9 .  
Smolts were trapped in standard fyke ne ts  4 feet  wide (effective fishing width 
increased to  8 f ee t  by the use of wings) and varying from 4 to  7 feet  in depth. 
The nets  were suspended from a cable  laid across  the  river bottom 8-3/4 miles 
below the outlet of Naknek Lake. 

Six fishing s i tes  in the main channel of the river were f ished,  one a t  a 
t ime, on a random schedule during the peak outmigration hours of 2100-0600. 
Catches  a t  a single fishing s i te  a r e  used to  estimate (direct sixfold expansion) 
the fishing period migration past  a 48-foot section of the river, the fyke net 
being located in the center of the 48-foot section.  In 195 7-58 the entire river 
width was sampled. On the bas i s  of the data obtained from these  two years ,  
it was  estimated that  88.34 percent of the total migration occurred in that 



portion of the river sampled by the s ix  fishing s i tes  presently used. The 
s i te  a t  which the largest relative catches  were made is  used a s  an  index 
s i te  for the  purpose of determining the proportion of outmigration occurring 
during the daylight hours. 

A three-day schedule was employed throughout the season .  On the 
first  day the s ix  s i tes  were fished in a random order with each  s i t e  fishing 
90 minutes. The first day ' s  schedule was  repeated on the second day. How- 
ever ,  the index s i te  was  fished for 24 hours. The third day was devoted t o  
the repair and maintenance of equipment. The entire sequence began again 
the following day.  

Thirty smolts were obtained from the index s i te  on each night of the 
fishing schedule.  Age, weight and length data was taken from each  smolt. 
Scales were read a t  the end of the season by Herbert W .  Jaenicke and the 
author . 

B.  Weather Data 

Na knek River weather observations made by Herbert W . Jaenicke during 
the years 1956 to  1965 (Jaenicke) reveals that  90 percent of the smolt outmig- 
rated when the mean water temperature was between 510 F .  and 55O F.  These 
temperatures are  considerably higher than in other major rivers of Bristol Bay 
where water temperatures a re  between 3 6' F . and 41 F . during outmigration. 

A very warm and early spring produced higher than normal water temper- 
atures early in the season in 1967 (Table 1 ) .  Ninety percent of the smolts 
outmigrated when the mean water temperatures were between 53O F.  and 56O F . 

C .  Total Outmigration Estimate 

Indices of annual smolt abundance have been obtained s ince 1959 
through randomized and index sampling. In 1967 the smolt migration during 
the daylight hours , when randomized sampling wa s not conducted, was es t i -  
mated from the 24 hour index sampling. Since not a l l  of the  river i s  sampled, 
the outmigration in the unsampled portion of the river was estimated from data 
collected in 195 7 and 195 8 when the entire river width was sampled (Jaenicke) , 
and from catches  made a t  the  s ix  sampling s i t e s  in 1967. 

In 1967 the peak period of outmigration was  from June 5-8 (Table 2) 
a week earlier than in 1966. The start  of outmigrations in the past  11 years 
have ranged from May 28 to  June 9 with a midpoint varying from June 8 to June 
2 1 .  The end of the main outmigration has varied from June 17 to July 20. 

In 1967 21.57 percent of the total s ea son ' s  catch was made during the 
hours 0000-0130 and 77.31 percent of the  total catch was made during the hours 
2100-0600 (Table 3 ) .  



1 / TABLE 1. Mean water and air temperature by day, Naknek River, 1967.- 

* Not recorded - 35 - 

30 * 

June 1 

5 * 

11 56 60 

12 54 50 

13 5 3 50 

14 * 49 

15 55 54 

16 5 6 52 

17 53 49 

18 5 3 5 2 

4 5 5 54 

5 * 49 

6 54 54 

7 5 5 5 2 

8 .* 5 2 

9 57 6 3 

10 59 62 

11 58 67 

11 Water temperatures are recorded s i x  times a day. - 



TABLE 2. Naknek River random sampling catches of red salmon smolt by fishing s i t e ,  1967. 

Date S i t e s  Total Percent of 
1 2 3 4 5 6 Daily Total 

May 27 
28 
30 
3 1 

June 2 
3 
5 
6 
8 
9 

11 
12 
14 

I 15 

,W 17 
I 18 

20 
2 1 
23 
24 
2 6 
27 
2 9 
30 

Ju ly  2 
3 
5 
6 
8 
9 

Totals 8,101 13,179 30,609 31,825 23,092 14,912 121,718 100.00 

Percent 6.65 10.83 25.15 26.15 18.97 12.25 100.00 



TABLE 3. Naknek River  index  n e t  c a t c h e s  of r e d  salmon smol t  by 90-minute p e r i o d s ,  
May 28-July 1 0 ,  1967. 

May May June  June  June  June  June  June  June  
28-29 31-1 3- 4 6- 7 9-10 12-13 15-16 18-19 21-22 

1930-2100 0 0 148 0 0 0 1 2 1 0  - 
T o t a l s  2,679 17,683 12,114 15 ,311  2,595 10,039 5 ,684 2,498 4 ,243 



TABLE 3.  Naknek River  index  n e t  c a t c h e s  of r e d  salmon smol t  by 90-minute p e r i o d s ,  
May 28-July 10,  1967. (Cont 'd . )  

June  June  J u n e / J u l y  J u l y  J u l y  J u l y  T o t a l  P e r c e n t  
24-25 27-28 30-1 3-4 6- 7 9-10 

1500-1630 12 0 0 0 0 0 6 14 0.74 

1630-1800 0 0 0 0 0 0 4 1 0  0.50 

1800-19 30 0 0 0 0 0 0 721 0.87 

19 30-2100 7 0 1 0 0 0 * 169 0.20 - - 

T o t a l s  891 1 ,637 3,935 1 ,474  1 ,254 415 82,452 100.00 



The 1967 total smolt outmigration estimate was obtained by the 
following procedure: ("sampling period" refers to  the period 2 100-0 600) 

1) Determine the seasonal  average 90-minute catch per fishing 
s i te  per sampling period. 

Total season catch = 121,718 

No. of s i t es  fished (each s i t e  fished for 90 minutes per 
sampling period) = 6 

No. of sampling periods fished during the season = 30 

Therefore, the  seasonal  average 90-minute catch per fishing 
s i t e  per sampling period i s  given by 

(121,718) / ((30) (6)) = 676 smolts.  

2) Estimate the average migration past  the sampled section of 
the river during a 90-minute period within a sampling period. 

Average 90-minute catch per fishing s i t e  per sampling 
period = 676 (from Step 1) 

No. of s i t es  fished = 6 

No. of subsites lor which the migration i s  estimated from 
the catch a t  each  fishing s i te  = 6 

Therefore, the estimated average migration past  the sampled 
section of the river during a 90-minute period within a sampling 
period i s  given by 

(676) (6) (6) = 24,336 smolts. 

3) Estimate the average migration past  the sampled section of the 
river per sampling period. 

Estimated average migration past  the samples section of the 
river during a 90-minute period within a sampling period = 
24,336 (from Step 2) 

No. of 90-minute periods in a sampling period = 6 

Therefore, the estimated average migration past  the sampled 
section of the river per sampling period i s  given by 



(24,336) (6) = 146,016 smolts. 

4) Estimate the average migration past  the entire width of the river 
a t  the sampling location per sampling period. 

Estimated average migration past  the sampled section of 
the river each  sampling period = 146,016 (from Step 3) 

~ s t i m a t e d y  proportion of migration occurring within the 
section of the river presently sampled = 88.34% 

Therefore, the  estimated average migration past  the entire width 
of the river a t  the  sampling location per sampling period i s  given 
by 

(146,016) / .8834 = 165,289 smolts.  

5) Estimate the average daily migration past  the sampling location. 

Estimated average migration past the entire width of the 
river a t  the sampling location per sampling period = 
165,289 (from Step 4) 

~ s t i m a t e d  upropor t ion  of daily migration occurring during 
the sampling period (2100-0600) = 77.31% 

Therefore, the  estimated average daily migration pa s t  the sampling 
location i s  given by 

(1 65,289) / (. 7731) = 213,800 smolts. 

6) Estimate the total seasonal migration past the sampling location. 

Estimated average daily migration pa s t  the sampling 
location = 213,800 (from Step 5) 

No. of days fished in 1967 = 44 

Therefore, the  estimated total seasonal migration past the sampling 
location i s  given by 

(213,800) (44) = 9,407,200 smolts.  

1/ Derived from 1957-19 58 data when whole river width was sampled. Sites - 
presently fished caught 88.34% of total catch.  

2/ Derived from 2190-0600 hour catch during 15 nights of 24 hour index fishing, - 
representing 77.31% of catch.  



D. Age, Weight and Length Data 

Age, weight and length of smolt migrating in 1967 was  determined by 
examination of 855 smolt. The mean weight and length by day and for the 
season was calculated for each  age  group (Tables 4 ,  5 and 6 ,  Appendix D) . 
Table 1 ,  Appendix D summarizes a g e s ,  weights and lengths for the years 1957 
through 1967. 

Both Age I and Age I1 smolts were the largest  recorded for the eleven 
year period 1957-1 967. The average lengths were 11 3 mm and 11 9 mm for Age 
I and I1 smolts respectively. The average weight for the Age I smolts was 
13 .1  grams. The average for the past  eleven years is 9 .6  grams. The Age 
I1 smolts averaged 14.7 grams, 2.1 grams above the eleven year average. 
A factor contributing to  the increase in s i ze  could have been the unusually 
warm spring resulting in improved environmental conditions in the lake . 

111. COMPARISON OF 1967 RESULTS WITH PAST DATA 

A s  in previous years the Age I1 smolt migration peaked earlier  than did 
the Age I smolt (Table 2). By mid-June the Age I smolt began t o  dominate the 
migration. The U.S. Fish and Wildlife studies in July and August of 1956, 
1958, 1959 and in September of 1962, indicated that  small numbers of Age I 
smolt were s t i l l  leaving Naknek Lake in early September. However, the 1967 
Age I1 migration was completed by la te  July. 

In 1967 the Age I smolts were the progeny of the 1965 adult migration 
of 718,000 and comprised 43.55 percent (4,096,836) of the total smolt outmig- 
ration. The Age I1 smolts originated from the somewhat larger 1964 escapement 
of 1 ,350,000 and comprised 56.18 percent (5,284,965) of the total outmigration. 
The Age I11 smolt were produced from the 1963 escapement of 905,358 and com- 
prised 0.27 percent (25,399) of the  1967 outmigration (Figure 1 ,  Table 2 ,  
Appendix D) . 

Relative s i ze  of smolt outmigrations and a g e  compositions for the years 
1956-1967 are  given in Table 3 and Figure 2 ,  Appendix D l  respectively. 

IV. SUMMARY 

1 .  1967 concluded the twelfth consecutive year of smolt enumeration 
on the Naknek River. The project was initiated by the U.S. Fish 
and Wildlife Service in 1956. The Alaska Department of Fish and 
Game took the project over in 1966. 



2 .  Sampling began  on M a y  2 7 a n d  terminated o n  July 9 .  

3 .  S i x  f i sh ing  s i t e s  on t h e  main channe l  of t h e  r iver  w e r e  f i shed  
o n  a random schedu le  during t h e  peak  outmigrat ion hours  of 
2100-0600. An index  s i t e  w a s  f i shed  24 hours  on  e v e r y  s e c o n d  
d a y  of sampl ing .  

4 .  The peak  period of smol t  outmigration w a s  from June 5-8 ,  a w e e k  
e a r l i e r  t han  1966.  

5 .  The to t a l  19  67 smol t  outmigrat ion w a s  9 / 4 0  7 , 2 0 0 .  

6 .  Both Age I a n d  Age I1 smol t s  w e r e  t h e  l a r g e s t  on  record .  

7. Age,  l eng th  a n d  weight  d a t a  w a s  determined from 855 s m o l t s .  
Age I smol t s  comprised 43 .55  percent  ( 4 , 0 9 6 , 8 3 6 )  of t h e  total 
outmigration a n d  ave raged  113 rnm in length  a n d  1 3 . 1  grams in  
we igh t .  Age I1 smol t s  compr ised  5 6 . 1 8  percent  ( 5 , 2 8 4 , 9  65) of 
t h e  to t a l  outmigration a n d  ave raged  119 mm in l eng th  a n d  1 4 . 7  
grams in we igh t .  

8 .  1967 smol t  w e r e  t h e  progeny of t h e  a d u l t  e s c a p e m e n t s  of 1 , 3 5 0 , 0 0 0  
in 1964 a n d  718,000 in  1965 .  



LITERATURE C I T E D  

JAENICKE , HERBERT W.  19 65. Naknek smolt s tudy report,  1956-1 9 6 5 ,  
U .  S. Fish  and Wildlife Service,  unpublished. 



APPENDIX A 



TABLE 1. Dates and wate r  t empera tures  a t  beginning of peak smolt  
ou tmigra t ion ,  Kvichak River ,  1955-1967. 

Beginning Date  of Water Temperatures i n  
Year Peak Outmigration Degrees Fahrenhe i t  

1955 June  4 38" 

1956 June  1 3 6 

1957 May 28 42 

1958 May 22 4 5 

1959 May 26 42 

1960 May 26 4 1 

1 9 6 1  May 23 3 6 

1962 June 1 3 7 

1963 May 24 3 6 

1964 June 1 3 8 

May 24 

- - 

1967 May 26 4 0 

1/ Date of peak ou tmigra t ion  no t  known f o r  c e r t a i n .  - 



TABLE 2 .  Kvichak River  24-hour r e d  salmon smol t  c a t c h e s  ave rage  l e n g t h s  and we igh t s ,  1.955-1967. 

AGE I AGE I1 

I Average I Average I T o t a l  T o t a l  24- - , 
Outmigra t ion  I Number ~ e r c e n g l  Length Weight I Number P e r c e n t  Length Weight I Number Hour 1ndexAf 

I I I 

1/ One index p o i n t  = 33,340 smol t  - 
21 Numbers of Age I and Age I1 f i s h  d e r i v e d  from rounded o f f  s eason  p e r c e n t a g e s  excep t  i n  1963, 1964,  1965 and 1966 when - 

rounded p e r c e n t a g e s  were d e r i v e d  from numbers of smol t s  ob ta ined  by we igh t ing  l e n g t h  f requency d i s t r i b u t i o n  by d a i l y  c a t c h e s .  
3 /  24-hour index  c a t c h  e s t i m a t e d  by r a t i o s  w i t h  y e a r s  of a c t u a l  24-hour f i s h i n g  and from v i s u a l  o b s e r v a t i o n s  of smol t  m i g r a t i o n  - 

o u t s i d e  t h e  3-hour index  p e r i o d .  
' - 4 /  24-hour index  c a t c h  e s t i m a t e d  from r a t i o s  w i t h  t h e  3 -hour index  p e r i o d  c a t c h  ob ta ined  d u r i n g  o n l y  2  days  of a c t u a l  24-hour 

f i s h i n g  . 

Thirteen-Year 
Averages 645,894 47 88 mm 5.9 g  1 883,923 5  3  1 1 1 m m  1 1 . 1 g  1 ,529,817 45.9 



TABLE 3.  Percent of r ed  salmon smolt outmigrat ion occurr ing 
during index hours (2200-0100), Kvichak River ,  1955-1967. 

Percent Outmigration 
Year - 1/ Outmigrat i on  - D u r i w  Index Hours 

(2200-0100) 

1955 

1956 

1957 

1958 

1959 

1960 

1961 

1962 

1963 

1964 

1965 

1966 

1967 

Averages 

11 The methods used t o  expand t h e  3-hour index ca tches  t o  24-hour - 
ca tches  f o r  t h e  yea r s  1955, 1956, 1959, 1960 and 1961 a r e  
explained i n  t h e  1964 smolt r epor t .  

21 This  f i g u r e  i s  nea r ly  meaningless s ince  i c e  flow precluded any - 
es t ima te  of  comparative migra t ion  by period.  

31 Note t h a t  t h e  average 56.2% migra t ion  during t h e  index hours - 
i s  probably h igh  as t h e  percent  f o r  t h r e e  of  t h e  four  years  
showing 82.3% w a s  assumed on t h e  b a s i s  t h a t  82.3% of t h e  smolt 
i n  1957 migrated during t h e  index hours. Sampling was not on 
a 24-hour b a s i s  f o r  t h e  yea r s ,  1955, 1956, 1959, 1960, and 1961. 



TABLE 4. Kvichak River  3-hour red  salmon smolt ca t ches ,  1955-1967, (3-hour 
index ca t ches ) .  

Year of Age I Age I1 To ta l  T o t a l  L/ 
Outmigrat i on  Number Percent  Number Percent  Number 3-Hour Index 

1955 14,971 7 198,897 93 213,868 6 .4  

Thi rteen-Year 
Averages 272,802 47 396,827 53 669,629 18.2 

11 One Index Poin t  = 33,340 Smolt. - 



TABLE 5. Parent escapement and corresponding red salmon smolt production, Kvichak River, 1952-1965. 

Year of Escapement 24-Hour Index Smo l t  Produced 24-Hour Index Smolt Per Spawner x 10 3 
Spawning In Thousands Age I Age I1 Total Age I Age 11 Total 

Averages 4,782 645,894 884,034 1,398,422 119 2 15 334 



TABLE 6 .  Dates o f  sampling and peak periods of  red salmon smolt outmigration, 
Kvichak River, 1955-1967. 

Number Number Percent of  
Year Date o f  Days Date of  Days Total Catch 

1967 5/ 17-6/17 3 1 5126-616 12 80 

Averages 37 10 8 7 



TABLE 7 .  Parent escapement and corresponding percent of Age 11 
red salmon smolt produced, Kvicha k River, 19 5 2 - 1 9 64. 

Percent Age I I ~ I  
Year Escapement Smolt Produced 

1/ Based on 24-hour index catches. - 
21 Estimated on basis of 2-ocean returns in  1956 and 52 - 

f i sh  in  1957 vs .  53 f i s h  i n  1957 and 63 f i s h  i n  1958. A 



APPENDIX B 



Table 1. Comparative age, l ength  and index n e t  ca tches  
of red salmon smolt from the Wood River system, 1951-67 

Age I Age I1 Two-Hour Five-Hour 
Seaward Mean Mean Index Points  Index Net Index ne t  

1 / Migration Percent Length Percent Length Unadjusted Adjusted Catch Catch- 

Average 87.9 83.6 12.1 101.6 177 &?/ - 403,321 
-- - 

L1 Five hour index n e t  ca tch  obtained from fol lowing proport ions:  

Two-hour Index ca tch  Seasonal t o t a l  2-hour 
i n  5-hour sampling - - index catch 
Five-hour Index ca tch  Seasonal t o t a l  5-hour 
i n  5-hour sampling index ca tch  

2.l Based on average index n e t  ca tch  from June 16 th ru  June 27 f o r  1951-1966, 
compared with total  season's catch. 

- 3 /  Geometric mean 



Table 2. Average length and weight of Wood River red 
salmon smolts by freshwater age groups, 1961-6711 

Year of 
Seaward Age I Age I1 
Migration Length Weight Length weigh7 

19 67 7 7 . 7  5 . 5  89.9 6 . 2  

Mean Average 8 1.2 4 .8  100.5 8 . 1  

1' Weighted by index net  catch. 



Table 3. Wood River red salmon escapement and 
smolts produced, 1951-65. 

Index Values of Index Units 
Wood River Smol ts Produced Per 1,000 

Year Escapement Age I Age I1 Total Spawners 

The Age I1 amolts from the 1965 escapement will not leave freshwater 
until 1968. 



Table 4. Percentage of Wood River red salmon smolt 
parasit ized by the cestode, Triaenophorus crassus,  1961-67 

Total Number Number of Range of Percent Smolt Range Between 
of Smolt 1 lb .  Samples 1 lb .  Samp. Parasitized Samples i n  % 

Year Examined Examined Size A l l  Samples Parasitized 

Mean 
Average 4,628 5 3 56- 125 27.7 9 .0 -53 .0  



APPENDIX C 



Table 1. Comparative Age, Length, Index Net Catches and 
Outmigration Est imates  of Red Salmon Srnolt from 
the  Ugashik River system, 1956-67. 

Year of Age I Age I1 
Seaward Mean Length Mean Length Index Index Net Outmigration 
Migrat ion Percent i n  mm Percent in-mm Points  Catch Estimate 

1967 52.5 87.5 47.5 113.1 30.9 93,068 5,137,063 

Average 51.7 90.5 48.3 112.6 72 .3  277 .349  10,340,271 

Note: Age Group I and I1 denotes  number w in te r s  i n  freshwater .  
Age and length weighted by index ca tch .  

1' 1.0 percent  Age 111 i n  1360; 0. Z percent  Age I11 i n  1963 and 1964. 



Table 2 .  Average length and weight of  Ugashik River 
red salmon amolts by freshwater, age group, 1958-671/ 

Year of 
Seaward Age I Age I1 

Migration Length Weight Length Weight 

19 60 

19 6 1 

19 62 

19 63 

19 64 

19 65 

19 67 

Mean Average 
- -- --- - 

Weighted by index catch 



Table 3 .  Ugashik River red salmon escapements and 
smolt produced, 1956- 1965 

Brood Ugashik River Mi l l ions  of Smolts Produced 
Year Escapement Age I Age I1 Age I11 Total 

Data Source: Nelson, 1965 

No out migration estimate for  1966 

2' The Age I1 smolt from the 1965 escsprnent w i l l  not leave freshwater 
u n t i l  1968. 



APPENDIX D 



TABLE 1. Average fork lengths and weights ,  Naknek River red salmon smolts ,  1957-1967. 

Year of Age I Age I1 
Seaward % Age Length Weight % Age Length Weight 

Migration Class  111111. G r a m s  Class rnm . G r a m s  

1957 57.9 111 13.1 42.1 112 13.1 

1958 96.4 9 1 6.9 3.6 114 11.3 

1959 80.5 97 8 .2  19.5 106 10.1 

1960 53.1 99 8.8 46.6 109 11.9 

1961 77.8 103 10.8 22.2 113 13.8 

1962 48.6 105 10.4 51.4 112 12.5 

1963 40.6 98 8 . 1  58.5 114 12.8 

1964 31.1 9 7 7.7 68.8 110 11.0 

1965 59.6 99 8 . 4  40.0 114 13.0 

1966 33.8 106 10.6 66.2 118 14.2 

1967 43.5 113 13.1 56.2 119 14.7 

Mean 
Average 56.6 102 9.6 43.1 113 12.6 



Y e a r  

F I G U R E  1. PRODUCTION O F  RED SALMON SMOLT BY BROOD YEAR, 
NAKNEK R I V E R ,  1956 - 1965. 



1/ TABLE 2 .  Production o f  red salmon smolt by brood year,  Naknek River,  1956-1965.- 

-- 

Brood Smolts Produced a t  Age 
Year Escapement I I I I11 Tota l  

11 Production from 1954 and 1955 brood years were on ly  p a r t i a l l y  sampled i n  - 
1956 and 1957. 



TABLE 3 .  Red salmon smolt migrations, Naknek River, 1956-1967. 

Year of 
Seaward Number at Age 

Migration I I I I1 I Total 



- Age I1 

Year 

Figure 2 .  Age c o m p o s i t i o n  - N a k n e k  River red s a l m o n  s m o l t  - 1 9 5 6 - 1 9 6 7 .  



TABLE 4.  Naknek River red salmon smolts , mean weight i n  grams, 1967. 

Age I Age I1 Age I11 
% of To ta l  % of  % of Tota l  % of X of To ta l  % of 

Date Season's Catch Mean Weight Mean Weight Season's Catch Mean Weight Mean Weight Season's Catch Mean Weight Mean Weight 

May 27 0.45 17.5 .08 9.63 16.4 1.58 72.04 19.2 13.83 
28 0.38 13.3 .05 1.95 18.3 .36 0.00 0.0 0.00 
30 1.04 18.3 .19 3.68 17.0 .63 0.00 0.0 0.00 
3 1 4.45 17.3 .77 11.29 16.7 1.89 0.00 0.0 0.00 

June 2 1.36 15.7 .21 5.25 14.9 .78 0.00 0.0 0.00 
3 3.45 13.3 .46 9.60 14.1 1.35 0.00 0.0 0.00 
5 3.57 13.7 -49 11.08 14.9 1.65 0.00 0.0 0.00 
6 9.75 13.2 1.29 7.56 13.7 1.04 0.00 0.0 0.00 
8 10.96 11.3 1.24 9.70 13.8 1.34 0.00 0.0 0.00 
9 1.21 11.9 .14 1.41 13.3 .19 0.00 0.0 0.00 

11 6.70 11.5 .77 6.78 13.2 .89 0.00 0.0 0.00 
12 6.85 12.0 .82 6.93 12.3 .85 0.00 0.0 0.00 
14 6.75 12.9 .87 5.60 14.5 .81 0.00 0.0 0.00 

I l5 3.58 12.9 .46 1.39 14.6 .20 0.00 0.0 0.00 

m 17 3.30 12.7 .42 1.35 13.6 .18 0.00 0.0 0.00 
18 4.46 12.4 .55 1.34 15.3 .21 0.00 0.0 0.00 

I 20 4.04 12.3 -50  2.75 14.7 .40 0.00 0.0 0.00 
2 1 3.33 12.5 .42 0.29 11.2 .03 0.00 0.0 0.00 
2 3 0.30 10.5 .03 0.23 11.2 .03 0.00 0.0 0.00 
24 0.91 12.2 .ll 0.26 15.4 .04 0.00 0.0 0.00 
2 6 2.19 13.4 .29 0.40 13.3 .05 0.00 0 .0  0.00 
27 3.04 13.0 , .40 0.19 14.6 .03 0.00 0.0 0.00 
2 9 2.31 13.6 .31 0.24 14.5 .03 0.00 0.0 0.00 
30 3.09 14.7 .45 0.37 16.3 .06 0.00 0.0 0.00 

J u l y  2 3.54 13.1 .46 0.22 11.4 .03 22.19 13.6 3.01 
3 2.43 13.9 .34 0.21 16.1 .03 0.00 0.0 0.00 
5 3.51 14.6 .51 0.19 16.2 .03 0.00 0 .0  0.00 
6 1.62 14.8 .24 0.00 0.0 0.00 0.00 0.0 0.00 
8 .70 13.0 .09 0.11 12.9 .01 0.00 0 .0  0.00 
9 .73 13.6 .10 0.00 0.0 5.77 - 18.7 1.08 - - 0.00 - 

100.00 13.06 100.00 14.72 100.00 17.92 



TABLE 5. Naknek River red salmon smolt, mean length i n  mill imeters,  1967. 

Age I Age I1 Age 111 
% of Total  7. of % of Total  % of % of Total  % of 

Date Season's Catch Mean Length Mean Length Season's Catch Mean Length Mean Length Season's Catch Mean Length Mean Length 

May 27 0.45 123 .6 9.63 124 11.9 72.04 132 95.1 
28 0.38 116 .4 1.95 129 2.5 0.00 000 00.0 
30 1.04 126 1.3 3.68 12 5 4.6 0.00 000 00.0 
3 1 4.45 123 5.5 11.29 125 14.1 0.00 000 00.0 

June 2 1.36 12 1 1.6 5.25 119 6.3 0.00 000 00.0 
3 3.45 113 3.9 9.60 118 11.3 0.00 000 00.0 
5 3.57 118 4.2 11.08 120 13.3 0.00 000 00.0 
6 9.75 116 11.3 7.56 120 9.1 0.00 000 00.0 
8 10.96 113 12.4 9.70 116 11.3 0.00 000 00.0 
9 1.21 111 1.3 1.41 115 1.6 0.00 000 00.0 

11 6.70 109 7.3 6.78 113 7.7 0.00 000 00.0 
12 6.85 111 7.6 6.93 111 7.7 0.00 000 00.0 
14 6.75 112 7.6 5.60 118 6.6 0.00 000 00.0 

1 15 3.58 112 4.0 1.39 117 1.6 0.00 000 00.0 
cn 17 3.30 112 3.7 1.35 118 1.6 0.00 000 00.0 
OJ 18 4.46 110 4.9 1.34 119 1.6 0.00 000 00.0 ' 20 4.04 110 4.4 2.75 117 3.2 0.00 000 00.0 

2 1 3.33 110 3.7 0.29 107 .3  0.00 000 00.0 
2 3 0.30 104 .3 0.23 109 .3  0.00 000 00.0 
24 0.91 109 1.0 0.26 109 . 3  0.00 000 00.0 
2 6 2.19 105 2.3 0.40 112 .4 0.00 000 00.0 
27 3.04 1 12 3.4 0.19 116 .2 0.00 000 00.0 
2 9 2.31 113 2.6 0.24 117 .3 0.00 000 00.0 
30 3.09 111 3.4 0.37 118 .4 0.00 000 00.0 

Ju ly  2 3.54 112 4.0 0.22 108 -2 22.19 142 31.5 
3 2.43 115 2.8 0.21 124 .3  0.00 000 00.0 
5 3.51 115 4.0 0.19 124 .2 0.00 000 00.0 
6 1.62 115 1.9 0.00 000 .O 0.00 000 00.0 
8 .70 112 .8 0.11 112 .1 0.00 000 00.0 
9 .73 113 .8 0.00 000 .O 5.77 127 7.3 

100.00 113.0 100.00 119.01 100.00 133.9 



TABLE 6 .  Length-weight by age c l a s s  of Naknek River red salmon smolt ,  1967. 

Date 

May 27 
28 
30 
3 1 

June 2 
3 
5 

Age I 
D a i  l y  

No. Mean Mean Sample 
Smolts Length Weight % 

1 12 3 17.5 3.3 
2 116 13.3 13.3 
5 126 18.3 17.9 
7 123 17.3 23.3 
5 12 1 15.7 16.7 
5 113 13.3 21.7 
6 118 13.7 20.0 

Age I1 
Dai l y  

No. Mean Mean Sample 
Smolts Length Weight % 

28 124 16.4 93.4 
13 129 18.3 86.7 
2 3 125 17  .O 82 .1  
2 3 125 16.7 96.7 
25 119 14.9 83.3 
18 118 14.1 78.3 
24 120 14.9 80.0 

Age I11 
D a i  ly  

No. Mean Mean Sample 
Smol t s  Length Weight % 

1 132 19.2 3 .3  
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 

14.8 100.0 

113 13.1 43.5 119 14.7 56.2 133.9 17.9 . 3  



 

 

The Alaska Department of Fish and Game administers all programs and activities free from discrimination 
based on race, color, national origin, age, sex, religion, marital status, pregnancy, parenthood, or disability. 
The department administers all programs and activities in compliance with Title VI of the Civil Rights Act 
of 1964, Section 504 of the Rehabilitation Act of 1973, Title II of the Americans with Disabilities Act of 
1990, the Age Discrimination Act of 1975, and Title IX of the Education Amendments of 1972. 
  
If you believe you have been discriminated against in any program, activity, or facility, or if you desire 
further information please write to ADF&G, P.O. Box 25526, Juneau, AK 99802-5526; U.S. Fish and 
Wildlife Service, 4040 N. Fairfax Drive, Suite 300 Webb, Arlington, VA 22203 or O.E.O., U.S. 
Department of the Interior, Washington DC 20240. 
 
For information on alternative formats for this and other department publications, please contact the 
department ADA Coordinator at (voice) 907-465-6077, (TDD) 907-465-3646, or (FAX) 907-465-6078. 
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